
Influences of Zebra Mussels on Conditions
at the Sediment-Water Interface

Background and
purpose

One of the concerns over the invasion of zebra mussels in the Upper Missis-
sippi River (UMR) system is the rapid colonization of these organisms in back-
water regions with accompanying changes in water/sediment quality and
habitat value. It is expected that zebra mussels will have a pronounced effect on
the sediment and water column micro-environment after colonization. For in-
stance, zebra mussels can graze seston (phytoplankton) and, because of their
high densities, can filter water at tremendous rates, thereby transferring sus-
pended particulate matter from the water column to the sediments (Reeders and
de Vaate 1990). This process may have an important impact on food web dy-
namics, contaminant cycling, and water/sediment quality (Bruner, Fisher, and
Landrum 1994; Effler and Siegfried 1994; Holland 1993; Leach 1993; Nichols
and Hopkins 1993).

Zebra mussel grazing also results in increased light penetration, which could af-
fect epipelic community productivity (Griffiths 1993) and benthic trophic lev-
els. Excretion of feces and pseudofeces on the sediment surface (Ten Winkel
and Davids 1982) could, in turn, affect sediment chemistry and nutrient dynam-
ics at the sediment-water interface. Thus, the colonization of zebra mussels on
sediments in the UMR may affect ecosystem dynamics in backwater regions.

This technical note summarizes research that was conducted to examine the
changes in sediment and overlying water chemistry that occur due to zebra mus-
sel colonization.

Additional
information

This technical note was written by Mr. William F. James and Dr. John W.
Barko of the U.S. Army Engineer Waterways Experiment Station (WES). For
more information, contact Mr. James, Eau Galle Aquatic Ecology Laboratory,
Spring Valley, WI, (715) 778-5896, e-mailjamesw1@ex1.wes.army.mil, or
Dr. Barko, WES, (601) 634-3654, e-mailbarkoj@ex1.wes.army.mil. Dr. Ed
Theriot, WES, is Manager of the Zebra Mussel Research Program.
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Experimental
approach

Laboratory microcosms consisted of 4-L jars measuring 20 cm in height and
17 cm in diameter. Twelve replicate control microcosms contained sediment
and lake water while 12 replicate experimental microcosms contained sediment,
lake water, and a zebra mussel density of 10,000 individuals/m2. Surface sedi-
ment, collected with a ponar sampler in the Finger Lakes backwater region of
the UMR (located immediately downstream of Lock and Dam 4), was mixed
homogeneously before dispensing 1.5 L into each microcosm. Water in each mi-
crocosm (about 1.5 L) was flushed via a peristaltic pump system approximately
twice a day throughout the study with fresh lake water (seston = ~10 mg/L; pH
= 9.1, conductivity = 282 µS; alkalinity = 173 mg CaCO3/L), obtained daily
from Eau Galle Reservoir (Spring Valley, WI).

Assembled microcosms were placed in a temperature-controlled water bath
(about 18 °C), gently aerated with air stones throughout the study to maintain
aerobic conditions, and allowed to equilibrate for about 2 weeks before the in-
troduction of zebra mussels. Zebra mussels used in the study had a median
length of 18 mm. Approximately 175 individuals were placed gently on the
sediment surface of each experimental microcosm. The duration of the study
following introduction of zebra mussels was 4 weeks.

At 2-week intervals, six randomly chosen experimental and control microcosms
were sacrificed for analysis of overlying water quality and vertical changes in
sediment chemistry. Overlying water was collected 1 cm above the sediment
surface with a 60-cc syringe and immediately filtered through a 0.45-µm mem-
brane filter. Samples were analyzed for ammonium nitrogen, nitrate-nitrite ni-
trogen, and soluble reactive phosphorus using standard analytical procedures
(American Public Health Association 1992).

A 4-cm-diam sediment core was then collected from each system. The sediment
core was transferred to a glove box that was completely purged of oxygen with
nitrogen gas to maintain anaerobic conditions of the sediment. The core was
sectioned at 5-mm intervals down to the 10-mm depth, and then at 10-mm inter-
vals to a depth of 40 mm (i.e., five subsections). The subsections were placed in
a 20-ml centrifuge tube, purged with nitrogen gas, and centrifuged at
3,000 rpm’s for 1 to 2 hr to separate pore water from the sediment. Under a ni-
trogen atmosphere, the pore water was removed via a syringe, immediately fil-
tered through a 0.45-µm membrane filter, and analyzed for ammonium
nitrogen, nitrate-nitrite nitrogen, and soluble reactive phosphorus. The remain-
ing sediment from each section was analyzed for sediment extractable phospho-
rus (Olsen and Sommers 1982) and exchangeable ammonium nitrogen
(Bremner 1965).

Results and
discussion

No significant differences in overlying water and sediment concentrations as a
function of date were noted in experimental and control microcosms (t-test; Sta-
tistical Analysis System (SAS) 1988), so all data were combined for analysis.
Concentrations of ammonium nitrogen, nitrate-nitrite nitrogen, and soluble reac-
tive phosphorus of the overlying water were significantly greater in experimen-
tal than control microcosms (t-test; SAS 1988) (Figure 1).
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Figure 1. Variations in mean concentrations of ammonium nitrogen (NH4-N), nitrate-nitrite nitrogen
(NO2NO3-N), and soluble reactive phosphorus (SRP) in the overlying water and sediment pore

water, and variations in sediment exchangeable ammonium nitrogen (EXCH. NH4-N) and
extractable phosphorus (EXTRACT. P) in experimental and control microcosms.

Negative depths indicate depths in the sediment below the sediment-water interface
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In the sediment pore water, concentrations of ammonium nitrogen increased
while nitrate-nitrite nitrogen decreased, as a function of sediment depth in both
experimental and control microcosms (Figure 1). However, no differences in
pore water concentrations of these variables as a function of treatment were
noted, suggesting that zebra mussel activities had little influence on nitrogen
species in the sediment pore water. Exchangeable ammonium nitrogen concen-
trations in the sediment increased in a linear fashion with increasing sediment
depth in both experimental and control microcosms. Experimental microcosms
exhibited significantly greater concentrations of exchangeable ammonium
nitrogen in the sediments at depths greater than 5 mm. In the upper 5 mm of
sediment, however, experimental and control microcosms exhibited no signifi-
cant differences in exchangeable ammonium nitrogen concentrations.

Concentrations of soluble reactive phosphorus in the pore water were signifi-
cantly greater in experimental than control microcosms in the upper 10 mm of
sediment (Figure 1). However, this trend was not observed for extractable sedi-
ment phosphorus concentrations. While extractable sediment phosphorus in-
creased with increasing sediment depth in both experimental and control
microcosms, there were no differences between treatments.

Our results suggest that zebra mussel influences on nutrient chemistry were
most pronounced in the overlying water. Coincident with the occurrence of ze-
bra mussels in microcosms were elevated concentrations of ammonium nitro-
gen, nitrate-nitrite nitrogen, and soluble reactive phosphorus in the overlying
water. Sediment-related changes in nutrient concentrations in the surface sedi-
ments as a result of zebra mussel activity were not apparent, with the exception
of increased soluble reactive phosphorus in the pore water of the surface
sediments.

Elevated concentrations of nutrients in the overlying water of experimental sys-
tems can be associated with at least two factors. First, feeding activity and ex-
cretion may result in the breakdown of particulate matter into soluble fractions
that accumulate at the sediment-water interface. Second, zebra mussel growth
may have been inhibited at high density levels, resulting in a loss of biomass
(negative growth rate) due to lack of an adequate food source to sustain growth.
Densities of zebra mussels in the laboratory microcosms were very high relative
to the flushing rate and food supply. Nichols (1993) suggested that a food sup-
ply of 3.2 g 1,000 individuals-1 day-1 in the form of green algae could maintain
a positive growth rate under laboratory conditions. In this study, the seston sup-
ply to microcosms was an order of magnitude lower, at 0.2 g 1,000 individuals-

1 day-1. Although zebra mussels were living throughout the study, low food
supply may have caused starvation and nutrient losses from their tissues.

The experimental design will be improved by adjusting zebra mussel densities
to promote growth under prevailing available food supply. However, these re-
sults apply to conditions of growth stress in nature during periods of, for in-
stance, extremely warm or cool temperatures, highly turbid water, low
dissolved oxygen, or temporary lack of food supply. More information is
needed on nutrient dynamics at the sediment-water interface under conditions
of favorable zebra mussel growth, as the production of feces and pseudofeces
deposits under these conditions (Nichols 1993) may result in further modifica-
tions in nutrient pools at the sediment-water interface.

Technical Note ZMR-1-33 January 1998

Zebra Mussel Research Technical Notes 4



References American Public Health Association. (1992). “Standard methods for the exami-
nation of water and wastewater,” Washington, DC.

Bremner, M. J. (1965). “Total nitrogen.”Methods of soil analysis; Part 2,
Agronomy. A. L. Page and others, ed., American Society of Agronomy, Madi-
son, WI, 1149-78.

Bruner, K. A., Fisher, S. W., and Landrum, P. F. (1994). “The role of the zebra
mussel,Dreissena polymorpha, in contaminant cycling; II, Zebra mussel con-
taminant accumulation from algae and suspended particles, and transfer to the
benthic invertebrate,Grammarus fasciatus,” Journal of Great Lakes Research
20, 735-50.

Effler, S. W., and Siegfried, C. (1994). “Zebra mussel (Dreissena polymorpha)
populations in the Seneca River, New York; Impact on oxygen resources,”Envi-
ronmental Science and Technology28, 2216-21.

Griffiths, R. W. (1993). “Effects of zebra mussels (Dreissena polymorpha) on
benthic fauna of Lake St. Clair.”Zebra mussels, biology, impacts and control.
T. F. Nalepa and D. W. Schloesser, ed., Lewis Publishers, Ann Arbor, MI, 415-
38.

Holland, R. E. (1993). “Changes in planktonic diatoms and water transparency
in Hatchery Bay, Bass Island Area, western Lake Erie since the establishment
of the zebra mussel,”Journal of Great Lakes Research19, 617-24.

Leach, J. H. (1993). “Impacts of the zebra mussel (Dreissena polymorpha) on
water quality and fish spawning reefs in western Lake Erie.”Zebra mussels, bi-
ology, impacts and control. T. F. Nalepa and D. W. Schloesser, ed., Lewis Pub-
lishers, Ann Arbor, MI, 381-98.

Nichols, S. J. (1993). “Maintenance of the zebra mussel (Dreissena polymor-
pha) under laboratory conditions.”Zebra mussels, biology, impacts and con-
trol. T. F. Nalepa and D. W. Schloesser, ed., Lewis Publishers, Ann Arbor, MI,
733-48.

Nichols, K. H., and Hopkins, G. H. (1993). “Recent changes in Lake Erie
(North Shore) phytoplankton: Cumulative impacts of phosphorus loading reduc-
tions and the zebra mussel introduction,”Journal of Great Lakes Research19,
637-47.

Olsen, S. R., and Sommers, L. E. (1982). “Phosphorus.”Methods of soil analy-
sis; Part 2, Agronomy. A. L. Page et al., ed., American Society of Agronomy,
Madison, WI, 403-30.

Reeders, H. H., and de Vaate, A. bij. (1990). “Zebra mussels (Dreissena poly-
morpha): A new perspective for water quality management,”Hydrobiologia
200/201, 437-50.

Statistical Analysis System. (1988). “SAS/STAT User’s Guide, Release 6.03
Edition,” SAS Institute, Inc., Cary, NC.

Ten Winkel, E. H., and Davids, C. (1982). “Food selection byDreissena poly-
morphaPallas (Mollusca: Bivalvia).”Freshwater Biology12, 553-58.

January 1998 Technical Note ZMR-1-33

5 Zebra Mussel Research Technical Notes


